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(54) A method of manufacturing a structual body 

(57) Friction stir joining is carried out on members 
20, 30, 40 by means of rotary tools 340A, 340B moving 
along two joining lines simultaneously. Where one of the 
two joining lines is interrupted, e.g. for a window 210, at 
a position P1 the rotary tool 340A is withdrawn from the 
joining material. At a position P3, gradual withdrawal of 
the rotary tool 340B is started. At a position P4, the travel 
of both tools 340A and 340B is stopped, and the tool 
340B is completely withdrawn. Next, the tools 340A and 
340B are inserted again and the travel is started again. 
The reinsertion amount of the tool 340B is larger than 
its insertion at the time of stopping the travel. Good fric- 
tion stir joining along both lines can be obtained. 
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Description 

Background of the Invention 

[0001] The present invention relates to a method of 
manufacturing a structural body by friction stir joining 
method and is applicable, for example, to manufacture 
of a car body of a railway vehicle. 
[0002] Friction stir joining is a method wherein a ro- 
tating round rod (called "rotary tool") inserted into a joint 
zone is moved along the joining line and the joint zone 
is heated, softened and so lid-flu id ized, so that a solid 
phase joining takes place. 

[0003] The rotary tool comprises a small diameter 
portion which is inserted into the joint zone, and a large 
diameter portion which is positioned adjacent the small 
diameter portion. The small diameter portion and the 
large diameter portion of the rotary tool are coaxial. The 
boundary or shoulder between the small diameter por- 
tion and the large diameter portion of the rotary tool is 
inserted a little way into the joint zone. The axis of the 
rotary tool may be inclined rearwardly with respect to 
the advancing direction of the tool during joining. 
[0004] In the manufacture of a car body of a railway 
vehicle it is known to carry out friction stir joining of ex- 
truded frame members, e.g. aluminium alloy members. 
The longitudinal direction of the extruded frame member 
is directed in the longitudinal direction of the car body, 
while the width direction of the extruded frame member 
is the circumferential direction of the car body. In the side 
of the car body with such a construction an opening such 
as a window is provided. See JP-A-09-309164 (EP-A- 
0797043). 

[0005] Since the height of a window of a car body is 
larger than the width of an extruded frame member, the 
window is formed in two or three frame members. For 
this reason, extruded frame members in which a cut-off 
portion or portions are provided substantially corre- 
sponding to the window are arranged together and 
joined. 

[0006] A friction stir joining apparatus for manufactur- 
ing the car body comprises a bed for mounting the ex- 
truded frame members and a traveller in which plural 
rotary tools are mounted. By the traveller plural rotary 
tools are moved and plural extruded frame members are 
joined simultaneously. 

[0007] If plural extruded frame members are joining 
simultaneously by rotary tools which are mounted below 
the traveller, when a first rotary tool reaches a position 
of a window, this rotary tool is retreated from the extrud- 
ed frame members, and the friction stir joining is 
stopped, while a second rotary tool for joining a portion 
where the window does not exist continues the friction 
stir joining. When the traveller reaches the other end of 
the window, the first rotary tool is inserted into the joining 
zone starts friction stir joining again. In this process, 
when the first rotary tool is inserted to the joining zone, 
a defect in the joint can be generated easily. Further, at 



the beginning of the friction stir joining, since the tem- 
perature is not raised a large insertion force may be 
needed for inserting the rotary tool into the joining zone. 
In addition, since the rotary tool is moved to insert it, a 
5 slant force is generated at a bearing member of the ro- 
tary tool. The bearing member should be large, and the 
life of the rotary tool may be short. 

Summary of the Invention 



[0008] A first object of the present invention is to 
achieve good quality joining in a case where plural join- 
ing lines are joined simultaneously by friction stir joining, 
and there is a portion where the members being joined 
15 are gapped alongside a non-gapped portion. A second 
object is to reduce the time required for such a joining 
operation. 

[0009] In one aspect the invention provides a method 
of manufacturing a structural body, comprising the steps 
20 of: 

starting friction stir joining of a plurality of members 
by inserting respective rotary tools at two joining 
lines spaced laterally with respect to the direction 
25 of joint forming, and travelling the tools along the 
joining lines; 

at a first position, stopping the friction stir joining at 
one of said joining lines by withdrawing a first one 
of said tools from the joining material accompanying 
30 the travel of the second one of said tools; 

at a second position, stopping the travel of said tools 
and stopping the friction stir joining by withdrawing 
said second tool from the joining material; 
inserting said tools again to a predetermined depth 
35 at each joining line; and 

starting the friction stir joining again by starting the 
travel of the tools. 

[0010] In a second aspect, the invention provides a 
method of manufacturing a structural body, comprising 
the steps of: 

starting friction stir joining of a plurality of members 
by inserting respective rotary tools at two joining 
45 lines spaced laterally with respect to the direction 
of joint forming, and travelling the tools along the 
joining lines; 

at a first position, stopping the friction stir joining at 
one of said joining lines by withdrawing a first one 
50 of said tools from the joining material accompanying 
the travel of the second one of said tools; 
at a second position, reinserting said first rotary tool 
into the joining material to recommence its friction 
stir joining action. 

55 

[0011] In a third aspect, the invention provides a meth- 
od of manufacturing a structural body comprising the 
steps of: 
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abutting two members at a mutual joint line thereof; 
welding adjacent faces of said abutted members at 
the joint line; 

joining said abutted members by friction stir joining 
by inserting a rotary tool at said faces and moving 
it in a travel direction along said joining line, wherein 
friction stir joining is started at a location down- 
stream of the location of said welding in the travel 
direction. 

Brief Description of Drawings 

[0012] 

Fig. 1 is a diagram of a method of manufacturing a 
structural body in one embodiment according to the 
present invention; 

Fig. 2 is a flowchart of the method of one embodi- 
ment according to the present invention; 
Fig. 3 is a longitudinal cross-sectional view showing 
portions of a structural body being made by a meth- 
od of the present invention; 
Fig. 4 is a perspective view showing a friction stir 
joining apparatus used in one embodiment of the 
present invention; 

Fig. 5 is a perspective view showing a car body of 
a railway vehicle which may be made by the present 
invention; and 

Fig. 6 is a diagram of a method of manufacturing a 
structural body in another embodiment of the 
present invention. 

Description of the Embodiments 

[0013] Figs. 1 to 5 show manufacture of a railway ve- 
hicle car body as an example of the invention. As shown 
in Fig. 5, the car body comprises a side structural body 
201 as a side face, a roof structural body 202 as a roof, 
a floor frame 203, and an end structural body 204 as an 
end portion in the longitudinal direction of the car body. 
[0014] The side body 201, the roof body 202, and the 
floor frame 203 are constituted respectively by joining 
plural extruded frame members. The longitudinal (extru- 
sion) direction of each frame member is directed in the 
longitudinal direction of the car body. The material of the 
extruded frame member is an aluminium alloy. 
[001 5] As shown in Fig. 5, the side body 201 compris- 
es extruded frame members 10, 20, 30, 40. In the ex- 
truded frame members 20, 30, a window 210 is present. 
An inlet and outlet port or door port 220 of the side body 
201 is present in all the extruded frame members 10, 
20, 30, 40. At the inlet and outlet port 220, after the ex- 
truded frame members 1 0, 20, 30, 40 have been joined, 
in many cases a frame is welded. The same may apply 
to the window 210. The extruded frame members 10, 
20, 30 thus cut completely at the inlet and outlet port 
220. 

[0016] This side body 201 is shown to be of the four 



extruded frame members 10, 20, 30, 40, but when using 
hollow extruded frame members, the side body 201 may 
be made of extruded frame members. Further, if the win- 
dow 210 is constituted by three extruded frame mem- 
5 bers, the central frame member at the window is cut at 
an intermediate position. 

[0017] Fig. 3 shows the extruded frame members 20, 

30. The other frame members 10, 40 are similar. The 
extruded frame members 20, 30 are hollow frame mem- 

10 bers. 

[0018] The hollow frame member 20 comprises two 
face plates 21, 22, plural ribs 23 connecting the plates 
21 , 22 arranged in a truss manner and a supporting rib 
or plate 24 connecting the two face plates 21, 22 at an 

15 end portion (a joining portion) in a width direction of the 
hollow frame member 20. The hollow frame member 30 
comprises two face plates 31 , 32, plural ribs 33 connect- 
ing the plates 31 , 32 arranged in a truss manner and a 
supporting rib or plate 34 connecting the two face plates 

20 31 , 32 at an end portion (a joining portion) in the width 
direction of the hollow frame member 30. 
[0019] At the end portion (the joining portion) of each 
of the face plates 21 , 22, a raised portion 25 projecting 
above (away from) the face plate is provided. At the end 

25 portion (the joining portion) of each of the face plates 

31 , 32, similarly a raised portion 35 projecting above the 
face plate is provided. At the end portion the hollow 
frame member 30, has laterally projecting ribs 36 for in- 
sertion into the opposed hollow frame member 20 be- 

30 tween the face plates 21 , 22 to form seats for supporting 
the insertion force of the rotary tool 340. 
[0020] The width of the raised portions 25 and 35 are 
the same. The opposed end faces of the raised portions 
25, 35 are arranged in the extension of the plate thick- 

35 ness of the supporting plate 34. The axis of the rotary 
tool 340 of the friction stir joining apparatus 330 is at the 
end faces of the raised portions 25, 35. 
[0021] The extruded frame members 1 0, 20, 30, 40 of 
the side body 201 are mounted on a bed 310 of the fric- 

40 tion stir joining apparatus 300 and fixed to the bed 31 0. 
Above the fixed extruded frame members a travelling 
frame 320 runs on rails 329 of both sides of the bed 31 0. 
Under a girder or beam 321 of the frame 320 three fric- 
tion stir joining units 330 are mounted, with the rotary 

45 tools 340 at their lower ends. The respective friction stir 
joining units 330 can independently perform travel along 
the beam 32 1 , ascent and descent of the rotary tool 340 
and rotation of the rotary tool 340. 
[0022] Each friction stir joining unit 330 has an optical 

50 sensor, which detects the distance from the top faces of 
the raised portions 25, 35 and sets the insertion depth 
of the rotary tool 340 at a predetermined value. 
Further, the optical sensor detects the width position of 
the raised portions 25, 35 and sets the axis of the rotary 

55 tool 340 to coincide with the centre thereof. 

[0023] In the extruded frame members 20, 30 in which 
a window 210 is provided, openings of substantially the 
window shape are provided at the position of the window 
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in advance, by cutting the frame members 20, 30. 
[0024] The frame members 10, 20, 30 in which the 
port 220 is located are cut and arranged with a gap for 
the port 220. In the frame member 40 at the upper end 
of the port 220, an opening having substantially the de- 5 
sired port shape is provided at the position of the port 
220 in advance, by cutting the frame member 40. 
[0025] The cutting openings for the window 210 will 
be explained. The joint zone of the two frame members 
20, 30 has a start and a finish of the joining line at the io 
window 210. The frame members 20, 30 are cut at the 
vicinity of the joining line to leave flanges 28, 38 and 29, 

39 which project into the window 21 0. A width of the re- 
spective flanges 28, 38 and 29, 39 is chosen to include 
the supporting plates 24, 34 and the raised portions 25, *5 

35. Cutting at the port 220 is carried out similarly. The 
frame members 10, 20, 30, 40 are cut to leave respec- 
tive flanges 28, 38 and 29, 39. Further, the such flanges 
28, 38 and 29, 39 are provided respectively at both ends 

in the longitudinal direction of the side body 201 . 20 
[0026] When the hollow frame members 10, 20, 30, 

40 are fixed to the bed 310 the raised portions 25, 35 of 
the abutting portions of the frame members are joined 
intermittently and temporarily along the joining lines by 
arc welding. The end-faces of the chips 28, 38, 29, 39 25 
at the start and finish points of the joining line are joined 
temporarily. "W" in Fig. 1 shows these temporary weld- 
ing positions. In particular, the temporary welding W of 
the start end is carried out on upper faces of the raised 
portions 25, 35 and on the end faces in the longitudinal 30 
direction of the frame members 10, 20, 30, 40. The 
range of the temporary welding at the end is from the 
upper faces of the raised portions 25, 35 to the flanges 

36. The temporary fixing welding "W" does not provide 

a V shape groove but provides an I shape groove. 35 
[0027] In this condition, friction stir joining is started 
from one longitudinal end of the frame members is start- 
ed. The rotating rotary tools 340 are descended and in- 
serted into the raised portions 25, 35 at the starting end 
of the joining lines. As Fig. 1 shows at line P4 for the *o 
tool 340A in the case of the window opening, the inser- 
tion position into the flanges 28, 29, 38, 39 etc. is in each 
case located towards the finish end of the joining line 
with respect to the temporary weld "W", i.e. is slightly 
spaced from the weld M W". 45 
[0028] The end of the small diameter portion 341 of 
the rotary tool 340 is inserted into the upper face of the 
projecting rib 36. The position of the lower end of the 
large diameter portion 342 of the rotary tool 340 is be- 
tween the level of the outer faces of the face plates 21 , so 
31 and the top of the raised portions 25, 35, i.e. within 
the height extent of the raised portions. The position of 
the axis of the rotary tool 340 is between the two raised 
portions 25, 35. The small diameter portion 341 of the 
rotary tool 340 is a screw member. 55 
[0029] When the rotary tools 340 on the traveller 320 
are inserted to the predetermined depths, the move- 
ment of the traveller 320 with plural friction stir joining 



devices 330 is started and the friction stir joining is car- 
ried out. 

[0030] Next, operation of the friction stir joining appa- 
ratus 330 at the window 210 and the port 220 will be 
explained referring to Figs. 1 and 2. The rotary tool 340 
on the joining line intersecting the window 210 is indi- 
cated as "340A" and the rotary tool 340 of the joining 
line having no window 210 is indicated as "340B W . The 
rotary tools 340A and 340B are arranged on the same 
transverse line, and move from left to right in Fig. 1. 
[0031] The friction stir joining advancing from the left 
end of the extruded frame members when the rotary 
tools 340A and 340B reach the position P1 in the flanges 
28 and 38 of the window 210, the tool 340A is retreated 
upwardly while rotating. The travel of the tools is contin- 
ued. For this reason, the rotary tool 340A ascends grad- 
ually. The position P1 is determined by the travel speed 
of the traveller 320, and is determined in advance. See 
step S10 and step S30 in Fig. 2. After the friction stir 
joining, the flanges 28, 38 are cut off. For this reason, 
the position P1 is selected such that upstream from it 
there is no concern about the joint depth from the 
strength aspect. 

[0032] The rotary tool 340B where there is no window 
210 is not raised, but continues the friction stir joining 
as it travels. 

[0033] Since the rotary tool 340A is raised while trav- 
elling, without stopping of the travel of the tools 340A 
and 340B, time can be saved. 
[0034] When the rotary tool 340A has ascended to a 
predetermined position (a position P2), its rotation is 
stopped. In the raised position of the tool 340A the tool 
is above the level of the raised portions 25, 35. 
[0035] When the rotary tools 340A and 340B ap- 
proach the location of the other end of the window 210, 
namely a predetermined position P3 before the end of 
the flanges 29, 39 a shallow ascent (retreat) of the rotary 
tool 340B starts. This travel of the traveller 320 contin- 
ues. The joint depth of the rotary tool 340B reduces 
gradually. See step S50 and step S70 in Fig. 2. 
[0036] When the position P4 which is in the longitudi- 
nal extent of flanges 29, 39 is reached, the traveller 320 
is made to stop. Since the ascent of the rotary tool 340B 
is continued, it is pulled out completely from the joint. At 
the position P4, the ascent speed of the rotary tool 340B 
may be increased. The position P4 is positioned down- 
stream from the temporary welding portion W at the ex- 
tremity of the flanges 29, 39. See step 90 and step 110 
in Fig. 2. 

[0037] The distance between the position P3 and the 
position P4 is, for example, 50 mm. The ascent distance 
of the rotary tool 340B between the position P3 and the 
position P4 is, for example, 0.5 mm. The joint depth is 
reduced, but the minimum joint depth, is selected so that 
there is no problem from the viewpoint of the joint 
strength. 

[0038] When the rotary tool 340B is pulled completely 
out, at the joining portion a hole which corresponds to 
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the diameter of the small diameter portion 341 of the 
rotary tool 340 is formed. Next, at the position P4, all 
rotary tools 340A and 340B are rotated and lowered, to 
be inserted to the predetermined depth. See step S130. 
The rotary tool 340B is inserted into the hole which it 
left, to the regular depth, which is the same as before 
the position P3, i.e. before the start of the ascent of the 
tool 340B. Namely, at the position P4, the insertion 
depth is to where the previous friction stir joining is 
stopped plus 0.5 mm, i.e. 0.5 mm below the bottom of 
the hole which is generated when the rotary tool 340B 
is pulled out. 

[0039] At this condition, the travel of the rotary tools 
is restarted, and the friction stir joining is started again, 
at the regular depth. See step S150. 
[0040] Thus in the position P4, friction stir joining is 
restarted at the hole which is formed by pulling out the 
rotary tool 340B. For this reason, the hole is buried by 
the metal of the raised portions 25, 35 which form a ma- 
terial source. Further, since the restarting position of the 
lower end of the rotary tool 340B is lower than the bottom 
end of the hole and since the lower portion of the hole 
is joined fully, the occurrence of a defect at this location 
can be avoided. In particular, since the metal at the lower 
portion of the hole is stirred fully by the rotary tool 340B, 
a defect at the centre portion of the bottom end of the 
hole can be avoided. Since any defect may occur at the 
central portion of the bottom end of the hole, the defect 
amount is not large, from the aspect of the strength as- 
pect a fully effective joint can be obtained. 
[0041] Since the insertion position of the rotary tool 
340A is formed at a location downstream from the tem- 
porary weld W of the end of the flanges 29, 39, a gap at 
the joining line is not significantly widened. 
Accordingly, good joining can be carried out. 
[0042] At the next window 210, the operation is simi- 
lar. At the inlet and outlet port 220 the ascent and the 
descent of the rotary tools 340 is also carried out simi- 
larly. It is of course not necessary that all rotary tools 
340 are arranged on the same transverse line. 
[0043] After joining has carried out to the further end 
of the structure, the body comprised of the plural hollow 
frame members is reversed (turned over) and friction stir 
joining is carried out in a similar manner on the other 
side, at face plates 22, 32. The residual raised portions 
at the outer face side of the car body are cut off and to 
make the outer face at the joint zones flush with the ad- 
jacent surface of the face plates. 
[0044] If with the above described insertion depth of 
the tool 340B at the position P4 there is a risk of a defect, 
the rotary tool 340B is inserted more deeply, to make 
joining portion more thick. After the travel starts again, 
at a subsequent position P5 (or after a predetermined 
time) the rotary tool 340B is raised to the regular inser- 
tion depth. 

[0045] This ascent and other movements of the rotary 
tools 340 are carried out by a height position control 
function of the rotary tools 340. The height position con- 



trol function determines the height position of the raised 
portions 25, 35 by means of the sensor and from this 
makes the insertion depth from the raised portions 25, 
35 a predetermined value. In this way, all rotary tools 
5 340 are brought to the regular condition. 

[0046] Another alternative operation is as follows. The 
friction stir joining is carried out with the regular insertion 
depth to the position P4 and at the position P4 the rotary 
tool 340B is pulled out. Next, at the position P4 the rotary 
tools 340A and 340B are inserted again. The insertion 
depth of the rotary tool 340A is the regular amount. The 
insertion depth of the rotary tool 340B is larger than the 
regular amount, by for example 0.5 mm. The travel of 
the rotary tools 340A and 340B is restarted, and at a 
subsequent position (or after a predetermined time), the 
ascent of the rotary tool 340B starts. The ascent speed 
is slow, while travel of the traveller 320 continues. The 
joining depth according to the rotary tool 340B becomes 
shallow gradually. When the rotary tool 340B has as- 
cended to the predetermined position (the insertion 
depth before the position P4), the ascent of the rotary 
tool 340B is stopped. 

Accordingly, all the rotary tools 340A and 340B achieve 
the regular condition. 

[0047] The positions P1 , P2, P3 and P4 can be man- 
aged according to by measured time periods, or by po- 
sition measurement. 

[0048] At the position when the rotary tool 340B is 
pulled out and then the rotary tool 340 can be inserted 
immediately, however with some reasons after the run- 
ning body 320 is made to run, at the position P4 the ro- 
tary tools 340A and 340B can be inserted. 
[0049] As described at the position P4, the rotary tool 
340B is pulled out and re-inserted to the hole which is 
thus formed. However it is possible to insert the rotary 
tool 340B upstream of the position P4. In this case, the 
insertion amount during the second insertion of the ro- 
tary tool 340B is made the same as that during the pre- 
vious joining operation. 

[0050] In the embodiment of Fig. 6, when the rotary 
tools 340A, 340B reach the further end of the window 
210, i.e. reach the flanges 29, 39, the rotary tool 340A 
is descended while rotating and inserted to a predeter- 
mined depth. The insertion position P4 of the rotary tool 
340A into the flanges 29, 39 is beyond on the down- 
stream side of the temporary welding portion W. Since 
the rotary tool 340A descends while travelling, the joint 
depth increases gradually. When the insertion depth 
reaches a predetermined amount, the descent of the ro- 
tary tool 340A is stopped (position P5). Then friction stir 
joining with the regular depth is carried out. The-position 
P5 where the insertion depth of the rotary tool 340A be- 
comes regular is in the flanges 29 and 39. After joining, 
the flanges 29, 39 are cut off. The insertion depth of the 
rotary tool 340A is controlled according to the optical 
sensor. 

[0051] Since the rotary tool 340A is descended while 
travelling, there is no stopping of the travel of the rotary 
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tools 340A and 340B, so that the joining time can be 
shortened. 

[0052] Since the insertion position P4 of the rotary tool 
340A is beyond the temporary welding portion of the 
flanges 29, 39, the gap at the joint line is not much en- 
larged. For this reason, good welding can be carried out. 
There is a risk that the gap between the two members 
at the insertion position (at the initiation of the joining 
line) may be enlarged, but in these embodiments not 
only the upper faces of the raised portions 25, 35 but 10 
also the ends of the flanges 29, 39 in the thickness di- 
rection are joined by the temporary welding W. Accord- 
ingly, the flanges are firmly joined, and the enlargement 
at the initiation of friction stir joining can be prevented. 
[0053] Flanges similar to the flanges 29, 39 may be 15 
provided at the first end portions of the hollow frame 
members 20, 30, namely at the first insertion positions 
of the rotary tools 340A and 340B arranged similarly to 
those of Fig. 6. In comparison with the case of the tem- 
porary welding only at the upper face of the hollow frame 20 
member, the length of the flange can be shortened. Ac- 
cordingly, the length of the hollow frame member can be 
shortened. 

[0054] According to the first method of the present in- 
vention, in the case where the joining line having the 25 
plural lines is subjected to carry out at the same time 
with the friction stir joining and in the case where the 
portion in which the members to be subjected to the join- 
ing is not existed and the portion in which the friction stir 
joining is unnecessary and the portion for joining are 30 
mingled with, when the second time joining is made to 
start, the good friction stir joining can be obtained. 
[0055] According to the second method of the present 
invention, in the case where the joining line having the 
plural lines is subjected to carry out at the same time 35 
with the friction stir joining and in the case where the 
portion in which the members to be subjected to the join- 
ing is not existed and the portion in which the friction stir 
joining is unnecessary and the portion for joining are 
mingled with, when the second time joining is made to *o 
start, the joining can be carried out at the short time. 

Claims 

45 

1. A method of manufacturing a structural body, com- 
prising the steps of: 

starting friction stir joining of a plurality of mem- 
bers by inserting respective rotary tools at two so 
joining lines spaced laterally with respect to the 
direction of joint forming, and travelling the 
tools along the joining lines; 
at a first position, stopping the friction stir join- 
ing at one of said joining lines by withdrawing 55 
a first one of said tools from the joining material 
accompanying the travel of the second one of 
said tools; 



at a second position, stopping the travel of said 
tools and stopping the friction stir joining by 
withdrawing said second tool from the joining 
material; 

5 inserting said tools again to a predetermined 

depth at each joining line; and 
starting the friction stir joining again by starting 
the travel of the tools. 

2. A method according to claim 1 , wherein after the 
withdrawal of said second tool at said second posi- 
tion, the tools are reinserted at said second position. 

3. A method according to claim 2, wherein the reinser- 
tion depth of said second tool at said second posi- 
tion is deeper than its insertion depth immediately 
before its withdrawal at said second position. 

4. A method according to claim 1, wherein after with- 
drawal of said second tool at said second position, 
the position of reinsertion of said tools is upstream 
from said second position with respect to the travel 
direction. 

5. A method of manufacturing a structural body, com- 
prising the steps of: 

starting friction stir joining of a plurality of mem- 
bers by inserting respective rotary tools at two 
joining lines spaced laterally with respect to the 
direction of joint forming, and travelling the 
tools along the joining lines; 
at a first position, stopping the friction stir join- 
ing at one of said joining lines by withdrawing 
a first one of said tools from the joining material 
accompanying the travel of the second one of 
said tools; 

at a second position, starting withdrawal of said 
second tool and continuing the friction stir join- 
ing while withdrawing said second tool; 
at a third position, stopping the travel of said 
tool and stopping the friction stir joining by fully 
withdrawing said second rotary tool from said 
joining material; 

reinserting said tools to a predetermined depth 
in the joining portion material at each said join- 
ing line, the reinsertion depth of said second 
tool being deeper than the insertion depth 
thereof immediately before said withdrawal 
thereof at said third position; and 
restarting the friction stir joining by restarting 
the travel of the tools. 

6. A method according to claim 5, wherein said rein- 
sertion depth of said second tool at said third posi- 
tion is deeper than its insertion depth immediately 
before start of its withdrawal at said second posi- 
tion. 
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7. A method of manufacturing a structural body, com- 
prising the steps of: 

starting friction stir joining of a plurality of mem- 
bers by inserting respective rotary tools at two 5 
joining lines spaced laterally with respect to the 
direction of joint forming, and travelling the 
tools along the joining lines; 
at a first position, stopping the friction stir join- 
ing at one of said joining lines by withdrawing 10 
a first one of said tools from the joining material 
accompanying the travel of the second one of 
said tools; 

at a second position, stopping the travel of said 
tools and stopping the friction stir joining by *5 
withdrawing said second tool from the joining 
material; 

reinserting said tools to a predetermined depth 
at each joining line, the reinsertion depth of said 
second tool being deeper than its insertion 20 
depth before its withdrawal at said second po- 
sition; and 

restarting the friction stir joining by restarting 
the travel of the tools, and reducing the inser- 
tion depth of said second tool to bring it to the 25 
insertion depth of said second rotary tool before 
travel is stopped at said second position. 

8. A method of manufacturing a structural body, com- 
prising the steps of: so 

starting friction stir joining of a plurality of mem- 
bers by inserting respective rotary tools at two 
joining lines spaced laterally with respect to the 
direction of joint forming, and travelling the 35 
tools along the joining lines; 
at a first position, stopping the friction stir join- 
ing at one of said joining lines by withdrawing 
a first one of said tools from the joining material 
accompanying the travel of the second one of *o 
said tools; 

at a second position, reinserting said first rotary 
tool into the joining material to recommence its 
friction stir joining action. 

45 

9. A method of manufacturing a structural body in 
which friction stir joining of a plurality of members 
is performed by travelling respective rotating tools 
simultaneously along two joining lines spaced lat- 
erally with respect to the travel direction, including 50 
the steps of:- 



said first tool, said second intermediate position 
being downstream in said travel direction from 
a location at which the members have previous- 
ly been joined at the joining line of said first tool 
so as to resist their separation by the reinser- 
tion of said first tool. 

10. A method according to claim 9, including the step 
of, after the friction stir joining. 

11. A method of manufacturing a structural body com- 
prising the steps of: 

abutting two members at a mutual joint line 
thereof; 

welding adjacent faces of said abutted mem- 
bers at the joint line; 

joining said abutted members by friction stir 
joining by inserting a rotary tool at said faces 
and moving it in a travel direction along said 
joining line, wherein friction stir joining is started 
at a location downstream of the location of said 
welding in the travel direction. 

12. A method according to claim 11, wherein said weld- 
ing step includes welding said members together at 
faces extending in their thickness direction away 
from said faces. 

1 3. A method of a structural body according to claim 1 1 , 
wherein at least one of said members is a hollow 
frame member, and the welding is carried out from 
a seat for supporting a face plate of an opposite part 
of said hollow frame member. 

14. A method of manufacturing a structural body com- 
prising the steps of: 

mounting two members abutted together on a 
bed (which may be curved); 
welding said members together at abutted por- 
tions of side faces thereof and at abutted por- 
tion of end faces thereof; 
joining said members by friction stir joining by 
moving a rotary tool along a joining line, the fric- 
tion stir joining being started by inserting said 
rotary tool adjacent the location of said welding 
and downstream thereof in the tool movement 
direction. 



at a first intermediate position in the travel of 
the tools, withdrawing a first one of said tools 
from the joining material; and 55 
at a second intermediate position in the travel 
of the tools, re-inserting said first tool into the 
joining material to re-start friction stir joining by 
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